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(54) SMALL-SIZED TOTAL ANALYSIS SYSTEM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a small-sized 
column device by composing a substrate of a material 
selected to avoid the inherent chemical activity and 
instability of pH thereby substantially laser cutting a flat, 
substrate. 

SOLUTION: The small-sized total analysis system 
comprises a small-sized column device 2, i.e., a substrate 
4 having substantially flat first and second surfaces 6, 8 
facing each other. The substrate 4 has a first 
microchannel 10 made by laser cutting the surface 6 and 
composed of a material other than silicon or silicon 
dioxide. The system comprises the substrate 4 where the 
channel 10 has at least two sample treating regions 202, 
204, 206-220, and a cover plate 12 disposed on the 
surface 6 thereof and combined with the channel 10 to 
form a first sample treating section 14. Each region 
202-220 is provided with at least one inlet port 18 and 
outlet port 22 for communicating through fluid with the 
sample treating elements (214, 216-220) thence with the 
cover plate 12 defining the elements 202-212 and the 
section 14 thus passing the fluid from an external fluid 
source through the section 14. 
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(57) [gffi] 

tl, 1 W ? p < £ t> 2 oc^^Jfsf 

»f^**2 0 2~2 2 0^fefiK5fi*E4 (b) 
»f^««^«i|SHa 5 &V ^iff 214~220<b ffi^ig^ 
LTW«gi2 0 2-2 1 2«rj£«>T^5, »l¥ 

T*?g l K»»aEB l 4 *Jg/#-r « l2i, 

(c) » l W^aEBi^igiK U ^ffi^Mft:SS;&>£>K 
«W»aiE:iif*iiLTia**iiffl*^S, '>*<£t>l 
o©Ap^- M8 iffiP^- h 2 2 irSrg-ifo 
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/hfflfts^^^T*^^ (2) ^bfiRS/h 
imirv'^r^ (2 0 0) T^ot, (a) fgl ¥ 

m^s (6) at^»2 5pffi*iB (8) (ommm^mte 

Miffi^toSS (4) T*fc*K 

mllES^ (4) «c % «rlEJBl5Fffi«ffi (6) fcu-iF5J 
BiJ^Hfcffll^^n^^yU (10) Sr^-TS^, > 

liugafgl^^ n^-r^/u (10) ^>ft<tt2o© 
*t<*»f^fiH4fi (202, 204, 206, 208, 21 
0, 2 1 2, 2 1 4, 2 1 6, 2 1 8, 2 2 0) 

mmmm. (4) (b) i«E#i¥ffl*ffi (6) 

Jb^B£«S*K fltrEMi^^o^^^u (io) <bo 
ffl^-C^lK^aKiB (14) Sr^ric-fS^^-« 
(12) 

W»«M^«*K (202, 204, 206, 208, 21 
0, 212, 214, 216, 218, 220) ^WR- 
Bx9fifcV^||i (2 1 4, 2 1 6, 2 1 8, 2 2 0) tJE 
flcigjftb-C-KWittKilsll (2 0 2, 2 0 4, 2 0 6, 2 
0 8, 2 10, 2 12) 4:3E«>tv^ wjW.%/<— K 
(12) t, (c) £ 1 tt»«aKB (14) ttligft 
U M^M^&KKftMEl (14) SriiLT 
ffifr*ffliaS^S. i>*< it loc^APxK— h (1 
8) £4>/<£< i: lo<z>fflq#— h (2 2) £r^A, 

[fiS*«2] (a) v-y = VXf*— ttfk-jr^ *£JW<Z>«* 
*«>e>j*5»R (4) ^6»***t, ^dSj|K«|^¥ 
t&fcrt*ffi (110, 112) 4rtO»l (10 6) & 
t**2 (10 8) (D«j«»**^«:*i-S*«F<*: (1 0 
4) (b) jfSl (104) (£>f*li£® (1 

10) i^U— 1f9JB'J*ttfe«l^-<^ci^^^ (1 1 
4) I2JS^ (1 0 8) <Drt*ffi (1 1 2) 
■^i/-ffflBISiiife:!l2W^pft^ (l l 6) t 

SlWl2v^^pft^ (114, 116) 

( c ) (1 0 6, 1 0 8) (Dfoitffi ( 1 1 

0, 112) ^Bn^^t77^^yht^r 

tt^J:orjgfi!cSns»i«JN'ft! ; aiE:iii (14) -efco 
t n -=etv{^ctoT. ^-r^n^-Y^/ix (ii4, ii 
6) &mmmiun%±mmm (14) j^osme 

S& l W^teSEH (14) asKWft!9ft^fi* (2 1 
4, 2 1 6, 2 1 8, 2 2 0) t fltttigjfc bfeWWafiK 
^1^(2 0 2, 204, 206, 208, 210, 21 
2) ft^abSKWlftftHg* (202, 204, 206, 
2 0 8, 2 1 0, 2 1 2, 2 1 4, 2 1 6, 2 1 8, 2 
2 0) *>e>/#S. SBlWH-teSEH (U) £. (d) 

» 1 w^sem (i4) dig^u ftm<Dffivmfrt> 
mnnmmmm (u> sriiur«e<*s:aaas^s^* 

<^t)iooAP^-h (120) i'>i<iUo© 
HjnzK-h (12 4) ir. Sr^T^Sr t*#«£i" 



(2) 8-334505 
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5/h®fbt£5»r>*7 t A (2 0 0) o 
[000 1] 

imm±<omm»m *3wm, «ft»«^fc 

^i, U -tas) fcffiu *WJBe#{i|IB^Sixfc// - 
io ts^Wl-/Sffi$^5o 

[0 0 0 2] 

[0003] «t04>«f^^^/hMfk*ierSiLfcv^<o 

So 

[0004] «#<0/hffifbft*T»i*. H-«tt^-fe^HiJ« 

-^h^y^ — (*cLC) -Cte. f3U3c4. 6mma^ 
B^<0«*S;& 7 ^fctfc'* 1 0 0 — 2 0 0 n m(Dm&& 

[0005] /Mf^^f^t^jS^r/p-f^, b:« 

2 5 — 10 0//mC7)^r^t: o y y— T*H*^ixS^«fS^ 

£{*?S^»IJ!j (ce) ©fljffl-e&ofco CE»/hS« 

#<B$M*:*fi!fci: UT#ffl&t>^-e*Sit^icKSix'C 
V^£ 0 J. Chroma togr. 218:209 (1 
40 9 81) ;Analytical Chemistr 
y 5 3:1 2 9 8 (1 9 8 1) 0 *fflB«l(w s }) TV 
y A-T ^ K • ^/U««iMHl«\ 5n*. 1 mm^ft 

tCE) tt, ffiffi»W^^-r^^fb^»^^ffi*BiJ« 
50 [00 0 6] MiH i£#OB«»»ftffil£teH«Wfc 
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dS^L— JSKttfflaWJ-.to'r^^?^ (on- co 1 
umn) -CSil£StLT*3«9. £4>i§£\ 

y 7 y — oii:st?BB^stbSo 
[0 0 0 7] TIBoBi«(^J:oT«Kfi^*i'i-S»3teft 

^Bl-f-S^— (Beer) OffiffJ 
: A= e - b • C 

t = ^/MR#W-S, ( 1 /m • c m) 
b=M&gfi (cm) 

c=mm (m/i) 

^S#^.fcttS 0 2 5 m mCD^r^e 0 ^ y 

ft (A) teu *S!ftfc:uv/v i s^tcfflv^tuS J; 

5 *SE*S!<Z> l c m©gBfityH!:*5ttSfc©J: "9 4 0 

[0008] r^a^/^tHPS^^^x-'&^T. ikm 

Gordon(^n*i^fFl5, 0 6 1, 3 6 1^ 

-m, ^w^r^fi^^-r^^-r t: o ^y-^n-ir/^ 

©««*f^*#5*t«!iffi^lB«l6Sixrt^So Ch e r v 
e t id*t-rS*B«FffF»5, 1 4 1, 5 4 8fm ^ 

su^r^ci— ^^tr ^y— ^^(ft^f&oyttta 

(X i Analytical Chemistry 

62:1580 (1990) #E3) 0 
[0 0 0 9] WangtStSiRitKgS, 2 7 3, 

6 3 3 ^x&, c e -?<D&*:mm&v&&izttirz s e, ^ 

^tt°7 y— ^«'J^KIt*ffiS:Rtt, IS^fAf* 
rtg|5^#ti- J: oT** y -SR^^iiig Ucofltai 

TV^^, #T:/p— ^f3\ t?9 y— ©<F«iDXX 

[ooio] /hMft;t-^-r5^TT^ , u-^co^2^^ 
ffc^r-Y* (s io.) S«oft^Stti:ft;^W^Sc«tt 




- 3 3 4 5 0 5 
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i^^Mc^^-mit^^mun<Di^m^ sio 2 

&tt<DSft¥** (7. 0£±[Hl6pHcD) £U&Rtt-C«*: 

[ooii] -»fk^>r*tt»H*r«>fk*8H4^e>*-r 

fc. J: 5 Mift S i 

io -o-s i -c&&&ft&ititoizi/y Mkffl&fB^x* 

**r«^-e#s^s. *tix+i>^tib<Di/x<rJ*te7 . o 

HJ:©©pHTOS i - O-S i jig^fl^W^Stt 
t^?mM*m7tZ>o SoT, s i o.W^ft;^^ 

[0012] La>u s i o a *S(^f^Wl4K^BBb 

20 Ol^ LV^^tt<£>i&i^ ^fv'^jM^fS^ IT 

ffl^^tbTv^^, 0 ^^itt, -mt^^m^tti^ 

[0 0 13] LC^t> + CE(DK^iC^-r^ 

=^fc o y y-^gi^-e-r hy^ft- («motji 

dSftJbtbTV^S Fan*?. Anal. Che 

m. 6 6 (1) : 1 7 7-1 8 4 (1 9 9 4) ;Man 
z ^ Adv. Chrom. 33:1—66 (199 
3) ;Harrison ^ x Sens. Actuato 
r s, B 1 0 (2) : 1 0 7-1 1 6 (1 9 9 3) ;M 
a n z Trends Anal. Che m. 1 0 

(5) : 144 — 149 (1991) ; RZ$M a n z 
40 ^ N Sensors and Actuators B 

(Chemical) Bl (1—6) : 2 4 9 — 2 5 5 

(1 9 9 0) £r#K) o 

[0014] m&mm, E*»»fa 

ftVTi/X"rJ* (TAS) (F i 1 1 i p i n i # x (1 
991) J. Biotechnol. 18 : 153 ;G 
arn^. (1989) Biotechnol. Bio 
eng. 34:423;Tshulena (1988) 
50 Phys. Scr. T2 3 : 2 9 3 ; E dmo n d s 
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(1985) Trends Anal. Che m. 4: 
2 2 0;St inshof (1985) Ana 

1. Chem. 57:114R;Guibault (1 
983) Anal. Chem Symp. Ser. 1 
7:637;Widmer (1983) Trends 
An a 1 . C h e m. 2 : 8) ^(DisXTJ*^ <Dffi 

^x-m* r^-TASj w^ri^o 
[0015] *j£, ^^j£^^^»(-/hSft:^^: 

CSfco"C^: 0 13^?xj^ysf^y 4— (w i d m e 
r ^ (1984) Int. J. Environ. An 
al.Chem. 18:1), faRMfot v-r Y?7~7 
(Mul lerS, (1991) J. High R 
esolut. Chroma togr. 14:174; 
Manz^ x (1990) Sensor s&Actua 
tors Bl:249;Novotny^, eds. 

(1985) Microcolumn Separat 
ions :Columns, Ins trumenta t 
ion andAncillary Techniqu 
es (J. Chromatogr. Library, V 
ol. 3 0) ;Kucera, ed. (1 9 8 4) Mi 
cro— Cokumn High Performan 
ce Liquid Chromatography, 
El s e v i e r , Am s terdam;Scot t , 
ed. (1984) Small Bore Liqui 
d Chromatography Columns : 
Their Properties and Use 
s, Si ley, NY;Jorgenson^, (19 
83) J. Chromatogr. 2 5 5 : 3 3 5 ;K 
nox^ x (1979) J. Chromatogr. 1 
8 6:4 0 5;Tsuda|, (1978) Anal. 
Chem. 50:632) RTf^WM^tfcW) (M a n z 
(1992) J. Chromatogr. 593: 
2 5 3 ; Ma n z ^f. TrendsAnal. Che 
m. 10:144;Olefirowicz^ (19 
90) Anal. Chem. 6 2 : 1 8 7 2 ; Seco 
nd I n t ' 1 Symp. High — Perf. C 
apil lary Electrophoresis 

(1990) J. Chromatogr. 516 ;Gh 
owsi^, (1990) Anal. Chem. 62: 
2 7 14) 13. /hSffc^fc&fcoTtfco 
[0 0 16] ^IffttftScibtt, ^KDftffi&mtf***?? 

^Iffi-efcS (Harrison^ (1993) Sci 
ence261 : 895 — 897 #IS) 0 ttStaSJKft: 

0&*Jh/tV^ (E f f e n h a u s e r (19 9 




ffl?8- 3 3 4 5 0 5 
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4) Sensorsand Actuators B2 

0:103—11 0&m) o ->y = >tt&b\**tm%}\z 

(Harrison^ (1993) Sensors 
and Actuators B10: 107— 116 

mm) , #y>rs m^r^i^m/E^L. 

10 0 17] is}) =»^-C5WB'>^^AS:^5<Z)^^>r # 
10 itt, y ^ J: 5 ^TOffl©^^ ^ n v 

t>o-es>5o ^vxtetf* ixy y$ 

fxi^is—^^yfflfitDfflm&ite. C 1 a r k^t^i" 
5*H«rSf^5 f 1 9 4, 1 3 3f ;Mi u r afi^ 
■fS^HWrffflBS, 13 2, 0 12f ;Pacel^t 
5*H«W»4 f 9 0 8, I12f jRl^Sethi* 
20 {d*f-rS*|lWM : »4, 8 9 1, 1 2 0-g-f;:fE«£;ft/r 

[0 0 18] /hMfb^Kv^-X^ASr^Sfe^v^y =i V 
t$m V £ ^S^tt^^ L^o-^-f ^ a ^ > ^ 

30 [0019] 3 xo-vf? n>-^^^^— 
[0020] ^ i ^ v-y = vco-^-r ^ c2-e->— 

ffitt, a: y=?->yfrh L < tt*DX Life 2 O^ffi^fpRflK 

^^<©»»«ratfL, *n**fc»«j»*^»»r 

40 5££as&5 0 fg2{£, W^n^iz-^^Lfc^y 
£ 0 r:^o^ti lt, V!)3y©v>f^ovs/-=y^ 

Sot, «fflo/hffiftavixy =i>^>r^pr^ix— 

^/hSHfc^W ^rAi^tS SIS \*%tf?1r &<DXlb 
50 s 0 
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[00 2 1 ] 

p H <£>^gc/£tt S:5B W S < L fctma* *> fig £ 0 
[0 0 2 2] *Jg^fi*yh, /Mft¥^7Af>M^ 

[0 0 2 3] *#9l0> £ MSJ<e>Mj* B Wf*. KffftA 

*X% ^ * Sr»«i-5 

A<DX 5 fcSS* fc&Aft**S«i:flU?l-e§F 5 J; 5 
[0 0 2 4] **^<^S?>t-SUOBBiiB«J^ ^-^^ 
(m-tas) ^SnrK^5„ rco^i^Mb 

[0 0 2 5] 

<£>-^>f ^ h ^ ^ ^-y-SMsofiiH- 6 r i (j: «t 9 /hStffc 

^ a * *nmf s - 1 tmm s *tr v ^ s 0 



(5) «fW8-3 3 4 5 0 5 
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[0 0 2 6] *&m\zftvX'bm<k?'*4 
<o^co#iJ^4-*.&*bS 0 IS If-, ^ — ifSJfiil&SK 

[0 0 2 7] !P«I»JttS &fc»fi^te&*iHfc«/h 
!6*<ot>J:9»«flBv^r^^ hit (lilt) **rT£ 

= ^ h^fi«S*tS 0 rcr>^^Kb-C, ##9JK:?8oT 
[0 0 2 8] ^WtDWlCOmmXte, 5pJflS«^*5ftS 

fry*'** ^Efi©MS:^fiBW5tf^ 9 "Cf** < , $ 

A^*5»t5«W^fi8;, BftttA^ 'feiiyJ* ( P o s t- 
c o 1 umn) RfoRXf&m^&cDMmikZh^mzA 

[0 0 2 9] &b\^ *mW<DTXfththtz.y*s<s{ *><D 

£ 5 /d^««tefc«e-7 f /<>r ^ ^«r»jfcf^ r> ^x * - 
tj*<d^— h*v~T<DMm{k^&^mz^x^mm'\- 

(Di/X.TJ*&^faW, (footpr int) 
h<DX$bZ> 0 

[0 0 3 0] #3^t£J:9. mftftM'r/^ x commit 
50 S 0 
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[00 3 1] 

0<h®m~t-^#T*fe5o ^oT. PJx.fl r«tftflej tz. 

m- s mm \tt»<D#tit»t>* & * s jB^****, r# 

So 

[0 0 3 2] *Wi»»i:Sffai^»3ft<7>«fi|ffltJ:*5i/^T, ^ 

[0033] fflR rg^j ::tu uvK#tt^ 
ujLteff?* (^p^y^h^?^) <E>«fc5ft, ^>y 

a p t o n (ffiW) (D u P o n t ; W i 1 m i n g t 
on, Delaware) <D £ 0 fttf }) ^ * KO» 1 S 

^,m2m<DK] (mm) (DuPont) ti^x^ob 
sfi«=s»#jw\ » i y <<( $ mv-xxtemm^mtt 
[oo34]fflig ^nm^mm n w^p^** 

^g&#&;§c*-rSo 

[0 0 3 5] rsysfiR 19 ftv^au n ftfeoimftfS. 




«fffl5|Z8- 3 3 4 5 0 5 
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ttttv^v h y ^^^r*# hti&o «oT, 

10 [oo3 6] ^wm^xm^^btixh^&j:?^^ mm 
-c. KJ^teaEiift»»L^o^ttffiK 

terV W ^ SrWW^aEiif t4^¥7*-—^£ ^X 
(DT (MP) , iNB^T^-^— 7 
[0 0 3 7] K^aEBf*iiiat-5«»«JW©««Cfli 

ir^pj^ir^So Wfi-ftLaEHiJc^LT (^aJfiWlHlK 
t^oT, K»»aKBSJd«*«r (K*H«ib*lftSr«» 

30 SttSo 

[0 0 3 8] «^feaEH*iiia^SJBc»«ip|.co««{b 
^WttW^^fktt, «»»aEiBS:iiiai-SKJ|S|.i:«ja 
»(!:«* Lft^*U¥a«r«oTfttiit 6 r i: ^-et 
So fi&oT, «^«LaEiif*:iiia-rS»tW^ rtt^c^tt 

40 KS*©tMI* (eo) fcfc. ^-n^tDfeliJi^pttS^ 
©:-Cir — h /U— sf^y J* —fty (cm— g r — s e 

c) COfrBWft-Cl^ffiSrtOo 

[0 0 3 9] «^®3ffiEiif*iiiat-S«»K»^««» 
Cj ) (^LTMt^^fi^eU *3Ba*co««K^ 

50 t£(Dmxmmz.*i-tz>it^mL,\s\ m^-o-^-y^ 
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[oo4o] mmzm&Rzf/xtefcmx^ 2>m&v>m 

— SUfefci-cf*. t^^ek (#Jx.f£, i*f<^r>^ 
rr^^-j tts £«c (AC) «*©J:5*««Sft«r* 

<5 0 rT^y^^^^/p (ant en n a c o i 1 ) J 

#a«:sv^^»si*^riaBi-5 ^ t 1- j: 9 , mmm 

[0 0 4 2] r*^w«ltti»Kj fcfc, J: 5 fc, 0c 

^^^«f|53t^«J«WaWtt. KR^ttSixJfev^^ uv/ 
V i s (*^/pr») , Mr* (R 

I) &rX9^vfttlf*^tf*^W*U«K*r«oT. « 

[0 04 3] r r-cffl^&tt-C^SJ: 5ic, fflM 



(7) ffl¥8-3 34 5 05 

12 

[0 0 4 4] rr^OKftfttt^UV^-BIffiKlRfttU 

^~)V(Dmm (Beer's law) d^R3JSixS 
ft^SBg Tb j SrffiU r*U*A = log ( I ,/ I 
,) = c • b • CXmmz.7ik£frZ>i><DX\ r^T'Afi 

«* (1/m- cm) , Ctt*tft«K<0»« (m/1) . 
&tf b fcttte3*»8&ft (cm) T*fcS 0 #§oT. 
10 ftW U V ~-5Tffi» Jfc a* UftES L TWME 

S (b) te N HRWfc, «3»«i«iE:iif^-+ife-T?^«>e>n 
[0 0 4 5] rftstfcisfjj&j ji s *Wfe3EH 5 

^> 0 Hot, t>b<tt»»«»*Sr. UV/V i 

Beckers^. (19 8 
8) J. Chroma togr. 4 5 2 : 5 9 1^60 
0;Brownlee {r^t-^7fe^4#rF^ 4, 9 2 7, 
2 6 5 ##180 0 

30 [0 0 4 6] ^^^ffiv^nri/^J;5^ 

aj yt&mm&^&f'&^m^&^k&xz&mm 

40 (0(^^5 0 IS 4*7 7^ ^^SSffffoMlitt, 
J: 5 7 7 ^-*S)fif i^i L t J; v n 0 l%y 

»^S¥iBBI*, H i r s c h f e 1 d {i^f-S*!!**^ 
4, 577, 1 0 9t, Kane iC^-f ^^i^lfl 
4, 785, 8 1 4 -§\ Rt^B 1 a y 1 o c k t^*fi"S 
50 *H4*fff®4, 8 4 2, 7 8.3-§-fcfiVNfcH-*-££2 s -C& 
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[0047] &mm(ommz.is\,^x u—^mm&ffizm 
<Dffij$&& t m&fo t cor u * v h tmmmxxz 

[0 0 4 8] mm r^^D77^^F¥ij tt. w 
\i\ : I ^ d 7 7>f ^ y F^g 

W*S© J; 5 ft»»*il!f 4:7 5>f ^ V XteW 
r^(aoTltTT^6 0 ffl^Stttf^Sf*. fiasco 

[00.4 9] fflffi rffl»B#Wj te N »ft*0>/h*<E>&t>* 

[0 0 5 0] r^itt, r^n-rh>/^^^-j 
Ata«, -fed, fi)c^o«5fe^K^e>ric;9, ififrffi. 8ctK 
MtBSflMH. -T^^Sfft. h^^^^f 

[0051] r®^*ib^J H3»«««:*rr s 

K#«ciJ:or»»S:S»tS 0 Sot, *aSWici*3^5*iJ 



(8) ftR^I 8-334505 
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[0 0 5 2] ri^pvf^77^-^j S 

fflt6J«^7^i (Knox^, (1 9 8 7) Ch 
roma tograph i a 2 4 : 2435 ;Knox 
10 ^ (1991)Chromatographia3 
2:317). &T^-fc/U«fcC*»#« (T e r a b e 

3^ (1985) Anal. Che m. 57 :834~ 
8 4 1) Sr^-rSo 

[0 0 5 3] rfS^j «fl#*f{c*5V^#9 
[0 0 5 4] ffiM r*ffi«L«j tt, 

^rv^^X«^/^2JOKS) — (DMVl&fr (mo i e t i 

e s) (o^m^, mn^<onmm&n<ovtmz.3LZ> 

J: 5 ft) ^^^^*aB©»«j*S (y^-r^y? "rT 

[0 0 5 5] fflR ru— ifSJHlJj fi, m^r^-u— ^ 

^ <t 5 ftiK^^=¥— ^ t^Srffio TiS^ ftS«t- 

ifW\ Fa. ArF, KrCU Kr 

XfiXeCK0^^7 P T^oT«J;l/\ 
[0 0 5 6] — UVRlRtt-C&SSiKttifHtjW 

So 

[0 0 5 7] U— tJ*«JB'JT?tt, ffi^/^<©3fi*ft*^* 
WlOOmJ (;!Ji/a-/u) £r±[H]£t>C9T\ ■ 
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\**mftft&tt&<o format ftffl&r& 0 *e>^, ®ix 
< ansa l r zti h % ttfko m ffi ^ e> it v > m*t s <t 5 * ** 

[0 0 5 8] i^TU U—^mM\^^c^^—U— 9 s 

(XSr^rfiBiitS 1 5 0-4 0 0 nmOlSilcASo &b 

ti N #?J 1 Ufiiv^fifc m 2 S 9**J 1 0 0m 

^•BJB'Jft«ttS^»-eKIBS*U-CV^So Z n o t i n 
s , T. A. ^ Laser FocusElectr 
o Optics, (1987) pp. 5 4-7 0 ; S 
chantz§|^t5*iM5, 2 9 1, 2 2 6 
tR^iS, 3 0 5, 0 1 5f G 

[0059] mm r#tfcUfiJ9f?j -^ft^swbfc^ 
tb*r s r t ^ j; r> m&x&#m&<d± ^ ^ * ^ testes; 

So 

[0 0 6 0] «fc 9 fiMfflt-te, /M{^7Ar/^^<^I 
*K y ^p^hy ^ — — >- 

[0 0 6 1] mm I" L I GAMj (i N n hP> 

?^^-&m&*Lxzmmfe%t%'r<D\z.m\<^z> 0 lig 




&m¥-8-3 3 4 5 0 5 



[0 0 6 2] &^T\ &ffl«fc«*Kffi-?&JRS: 

V-^y^7 (m«n a n) ^LTJ:V> 0 LIGAgfll 
Becker, E. W. , 6M i c r o e 1 e 

10 ctric Engineering (1986) 4: 
3 5-5 6t£B*cS*bTV^ 0 LIGAli^oTlt 

•eS>5#»02jfy^— Sffi05ffiai«, TCon t emp 
orary Polymer Chemistry! , 
Allcock, H. R. and Lampe, F. 
W. (Prentice-Hall, Inc.) Ne 
w Jersey (1981) JdjLV >tU~T- t 

So 

[0 0 6 3] raw«j Xfcfc HStRftKij ^ ^eco^r 
t L * < X h X ^ r t X tt-e © #c f? i - IE i£ $ tt s * 

-TASj fcfc, 7^t7#-f^f/V^J:l:fcott 

30 S 0 

[0 0 6 4] fcT, iSftSfilCW- if §3 

«5^7^7>W^iM-TAS^Mt5^t^ 

[0 0 6 5] <t <9 l¥jNB{Cf*, KWftiaEiif, ttA^S, 

40 iMW^^n/7^^y h*a^»J:5ft^-f ^ 
JSS«(c^LTJ:^ 0 ^K^iifSir^ (yag) u~ 

50 [0 0 6 6] *«W^Jfi*-*5V^T, 
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D u P o n t |±^fbfS*!K a p t o nXttU p i 1 e x 

#y>r^F\ #y;&— K ^ym^-^/K ^yr 

[0 0 6 7] »«#y^— 

[0 0 6 8] £>£V^ T^-Y— — MfM&S 

u— y 4 -i* <fc 19 * ? SKi^afc^rsa 

<, ^L.xmcD-rx? 1 1 — i^*/^— as (xw/ 

[0 0 6 9] **Wfc:«MStbS ^fflHiJi^^^^ 

mt<on a s ft*:*** u ^xasm * y# 
[0070] u— !f ma** fcvm<DMVt^m<D'hmk 




^^8-3 3 4 5 0 5 
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iffflfi'J^ir*/KJm^w*— tt. v-y ^>-£>-^^p 

5ftT^^ MtttJ8*< 1 SriB*.. 1 Ofcig-TSi i: 
[0 0 7 1 ] *Wo»*LV^HJfitWT?tt, ¥R*ffi^ 

[0 0 7 2] *»K^jHS*t5u— lP5IHiJXScoft» 

[0073] mmfrffi^sM *<o9rm\^mt>z>M^\*m 
%m&'tz><?>\^m\<^x w<t5ftf^^io 

t 8 T^£*x£ Jg 1 AXfifR 2 ^HKJi5pffl*»rpJ«ffi^ 
9 > if »iR14T?& 5 y = VJ^^^tt-^^ 

[0 0 7 4] **W^«F^HJfi«^**. /hM^^A 

J*<9. ^tbt^. ^P^^H^{C*dV^T. Ve s p e 1 

(mm) oj:5*ffltt^y>r^ Ko*ox^iffi*?g"cs>o 

x^n\^m^ ir^^mmmx ^^^t^mm^tix^^ 
40 [0075] c^hmlt, ^y-r^K^, t£#WX 

50 m^^m^mmt Lfcv-^^^i: #y^— 
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mmzttirz>z.tih<Dt&&x*i&m&mm (pH9-i 

[0 0 7 6] Hl—H3^#Ba**tS«J:5i^ S 

ixfeW^p^-r^Wtt. 0»*.tf. BJft 

Of*, *E7f^ &T«rOig«:'g-£p#tR 

S<t^5 -<b-C&S 0 

RftSKBl 4S:JgjBK-fSo ^^«12lt /tfy-T^ 

&m * l < ft v ^(B*ffi & m vi s ^ <t xm m * n 5 

T*£>S 0 

[0 0 7 8] #«03t;iB<5^ 2fcfc, SM^F 

^XIiiJSM(«I(Z) J: 5 ft) »»flt^#tS#HSl 

[0 0 7 9] HI ~m 4 S:#flg IT, 12^^ 

ftjUfeflflSr^fo -aSCSLT, »17V^*-f«: 
©»l;fcS5i 6T*K^aKiBi 4 <biiCT^aH3&»fe 

<G>»15fc«Sl 6^e>jnO ? T^C9»2*fiS2 O^T'iiiii- 
[0 0 8 0] J f»»4?)igi—ia4S:#RabT, ffi«4 k$ 

2 4 tt«jpi-*2faEHf<3o« 1 5R«s i 6ia<T?Bat* So 2 

oe0SiJ<Z>7V^* — 2 6&t^2 8 1 2KfN9 




- 3 3 4 5 0 5 
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(**t^ax 3 o 3 2 t?*^) fcig«rt-s j: o Em-r 

/Uft^2 4CiAir (ft^/^2 4co^-ffir** 
£S) 8t»*«S:WoSW^9^ (^) $:MLTJ; 
u\, r^JzJir^L^W^^^^ Jfc^T% AP# 
— h 1 8 LTK^&SEHi 1 4 <D% 1 1 6 

^—2 6 i: 2 8 k\^Wfo&^fr^W®&'M s**'?^ 

io ^/U2 4^iib-r^^aKiij^ c f , ^*-rr ti^x^om 

ALT<fcl/\ 

[0 0 8 1 ] /^^J*^*/!^ 4&I/T/^-r — 2 6 
<fc 5i-ftS, fcv^5-i:ttas-r-<#"e*) 

ffftit tog JjtfcB J: 5 i;:, flriffitf>»W 

2 6 t 2 8 t {^SlRW^-f >#7z*~ ^tt, KJpl-*:^ 

>t^^-y^^2 4^ib^@at : t-«L, ftv^-t^^ 
b*<omwdm*ftbtz.ib^<Dnw*AU7$- vis* 

^L«7A«f^i|ALtj;v\ ^^IlILT, 4?y 

30 ±oa^SttfeT^^^— ffiB^ra^2oO»Wco*j» 
^(CioT S ^(ClHie^'frSo ftllOii^ftlH]^^ 
[SS^bft^^^ ^^^^^e^^iK^cfc^ft^v^ 

[0 0 8 2] Sot, *»W^7?mfe{^:*5V^T. ^35^- 

^^^iS^^^Sco(^^ilfta«^#^^^^'b^ 
So r©»a^e>, **Wt^oT«j8*nfe/hS!ft:¥ 
40 ffl^^^^M^^ mf£8LA, W^fW^AXW 

ft s 0 Hi-ia3^»^ifi«-ctt, fti$<D#mMh& 

A^S ^ u-if^lgijT^^ \ — (D^^^id i: o 
^^T^^HTV>Sfdl^ig^ftg^^^tb^*: 

50 [0 0 8 3] KS»IE114© 
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!rAP^- M 8 ^ ttin ^K— h 2 2 irU>f ^$7^— * 

[0084] ^w^fcir^/hst^^^oissei-^y 

(RI) ^tttgfeSrffll/^Srir^tg^/jrSo Z.(D&\cm 

ur, #y^s k# (bp*>. #y-< ^ k 

*Saii"5) («9A.fi. >5 0 0 nm(D) JiftWiR 

[0 0 8 5] rr-eB12~(l4{e:#fiS^tb^J:5t-. * 

& 0 J:f9i**B^tt, 7/^t-3 4it «3»«Lais:isr 1 
4 kmi($£&&tcfrmm4zmi,xwmi'X£v\ 

6 2 ^ 

[0 0 8 6] IE! 5 *#flH UT; ^ft:* 4 2 "C?*^ 

K(t. r rw^-fii 2 assess la^v— htmfo 

i 2 v/- h ^Ifi^ 4 ^1 2 ?Ji^ffi 8 OlI^SE 

sM^iiig^^^^*<D^6^ui^ai^4 

[0 0 8 7] IiagP^^-bH ttHi7^ft-3 4J: 

3 6 ^*«V^o^-/u-C#S«^<Z>*SBS[«: 1 t)fcHi:T 

ffi&^izmizt&xzz^rmxjbvxhz^o 

a % FmmxMf&£tifz.x7j±T/<^*{ztti,xmmt) 




M?8- 3 3 4 5 0 5 



W K. J: o T*ric £ tt 5 # 9 a £ /hSWfci" 5 feffi* 
>r s Kcojf^tf/Ky-r ^ KOTr«$H5<!:^^ 

n mm) &&\*m%>XWJj&&»>Z>Z. i^^^oTVN 
5©-^ /hS!^5^7 f ^^2 / ie:*|"r<5awv— h 
10 3 8 M0^)^-yy^^l^|5 o fiHlE7^-Y^ 

vk, t77-i'7xia^>y^c9v'-yy^ s# 

[0 0 8 9] «»«ft^«H4ri»*.5ft*t-e*U^-Ct 

<5£i^5-£f** uv/vi s , JBSf* (RI) 

5/MKfc# 7^M^ 7 T?# 5 r £ left 

[0090] mM^mMx$2>£?\^ mmt 

«4^/^l 2(7)Mfl^S±?L<, 2 5 0 ^ 

m*ffio«idy^sssfi, #y >r s k©j:5 4»rs«^ 

[0 0 9 1] #ct^ B6Sr#ILT, TV*? 1 *— 3 4 <b 
3 6 (aot, WPM&SEiffii 4<z>fflfiv"^«aMfctti^ 
S4 2 i<z>3ESI^i?K^S^ 

30 t^^— «1 2^a^fft^it«iJ-f -So "<^ScT% 

[0 0 9 2] Sot, ;«£fl^lc:io^-t\ 2 5 0/im$r8 

5 6S:U!5 8-e*^*tbfc»l&'0 5 »2<7>|Ul±5pffi/jr 
^®^ttl)Si5 4^^5o S«5 4ti N »1 

¥i«B5 6 id Fmm&titim i^^c 

6 0<!:S2TOiffi5 8 K if mm S tb^c^ 2 ^ 

[0 0 9 3] 17 tH8^/hSfb^7^7 f ^^tt*e> 
50 Ztl^ft 6 4 6 6 "t?** S tlltm 1 2 ^ 
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[0 0 9 4] |i]C<0 7 ii8^ILT, »»©7^ 

4:BM£U *e>^«E*e»*a4:R^TJ:v^ 0 J; 9 BMW 
fg 1 ATffR 2 5 6 t 5 8 i: KH^I" £M 

4£»2-<5M'^ni^**/l'6 2 <£>fg 1 *ffiS 7 6 id 
[0 0 9 5] SSI 6 4l:i/- IfejfiiJ* 

tifc»i7^ft-6 8i:j:or, f l^^pf^ 
/U6 0 i ©attests «TfiB£# 9, «2^-fi6 2l^ 
l/-«J$tl^l27^t-7 OiaoT, fg2^ 

^ d^^r^/we 2 t<DmmKMf)^ifcbt£Z> 0 mM\^ 
3ffiO?SttSJ:5t-. il7/^t-68WP^h^ 
LTffifciv ^og 2 t - 70dSWP#-hiL 

-C«t>*uSi:#. *iau«»2W^oft^8 0R 

2^^fi(-«oTfe5i-r^^ss^ ; fi'-r^/hMft:^ 

[0 0 9 6] 0 7 irE8(2:^-t-*«W©IIJISfi»J{c:*5V^ 
±IL/c J: 5 ^ ^WiA^^itS r t 

Tfi/Xfcftt 2 T — 6 8^7 0{£-f >#-7aL — 

[0 0 9 7] JP^lT, ffi^^m^t^fS^0iJ{^ 
*^-g-S*LSo ^^MLT, |17^ft"7 8 

§ ^ CI l &r/1 2 7/^ft-7^ ^ h¥S7 
SrT^-r— 7 8 t 8 0<h^LT/Mf^7A^gi 

[0 0 9 8] Ld>U f-^fflbfc^V^^ h#87 
ia^5^^/^^y^3I^^^L^^T% lm 
*3imT*S5<bU^5fiB*T?fcSo 07, 08&t>*01 1 

tr#fla*ixS«J:5J-. t*i?ti8 2W8 4-e***ix 

2#^-«6 6^2gP^V-h«i:l2¥l*®5 8 t 




<!$m¥-8- 3 3 4 5 0 5 
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h82i84H *5UBiB (^ — SO , y # , 

8^80 t Srg^^O'V-^tl 5fftf©8S 

* 9 Air ^ ;* |j:*t UT«ft«J«»*r 

[0 0 9 9] 01 1 {dgt>J:<^^tbTV^^<fc « 

tt. *#|J3 id o rffifrit Sixfc/h®<t;^ 9 * i- 
iiifit-5K»»ttfr^«ttJtt. uv/vi s . tbt. Jffi 

[0100] H9^10 £#F8 LT. /hM^ 

7Af/W^5 2' ^5>filcS**lK©liijS*lfe««l*:^ 
U -<£>#£\ *7^fflS5>i:»iat^SB2^^— 

30 j^^n-So r©<i:5i-. 7i-^^;^Sg8 8{i3o 

^ff^]^®5 6' RtJt5 8' ^t5^7^8 8B, 

Jt^^^aj^srRtp^i^^-Kas^s 8A, Rz^m 

9, SBl^^-«ffl5)-»i^5A8i5^8 8 Bco 

40 r^«t5o ^(^. »2^-««lJ»8 8C^7 
A»»8 8Btll t t> lO(7>efftff*a9 2t? 

^8 8B(om2<Dm«m^m.tj:mm5 8 f <d±\^ 

50 Afir^ttf^|»Hfp v otlt (t^) 



m 
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&\,^\<^&<DMVZ%1ft'oX\,^X 
[0101] i^oT, /hSMfc* 9 J**?'^ ^52' «u 

WSSSS' (£»2^>T ^ xn^^^/UQ 2' Sru— If 

^Sf^tttfr^i^giEii^^i-^o f£2# 

2jlfft^S9 2<©3fT7 W^ix^S=E8 8 ^rtFf «9 ft 
tfT, »2»«tEHS:^So » l 2 Wfl*B 5 

6' £5 8' <b i^j«Xi-6i|*S:Wi-S^ 7^615^8 8 B 

^nft^6 2' (Dmi^mz.mm^^xm-^m 

[0 10 2] SfcM, Il^//^gi^8 8 Al£V— if 

§iH9S*tfcr^-r— e 8' (aot, fgi^-f^n^ 

gj5^8 8 Ct^U— *f«JB«S*Lf ; :»2r^^— 7 0' M 

S££, ^1^0 J ^2^^^ni^^^/wco^S(e:»o 

[0 10 3] M9 tmi 0<Dt"/<4 iS^Wt^:. tft 

Wt-7 8' 1 ^^-fiffl^ 8 8 Ali l/-f ffl 

fi'JU ^0827^-8 0' ^«i^l2^^S 

gP5>8 8cic*fiicttj:< N z.<om&. mr 

fcfc. 7U^^/US«8 8*s±5*(7>J: ^^Sf^ 
fttf kti/rTV^* — 7 8' HO' irSr = >'v ? s' h# 
J£7 2' \z.i£mz.T7>( *>V1rZ>h%, SW^Wnft 

£*bS 0 

[o i o 4] *mw<D&b\^m<DMmwmx\^ u— if 

— OSt^Lft^) Sr. 7U^rix^//uSK8 8©^7^Sfl5 
^SSBiilWia^-TO, *riVe*t8 8A 
2lt/8 8 CirtJiK^Sr i:^T*§5 0 ^SET^i— 



(14) 1$i5F8-3 3 4 5 0 5 
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[0105] v-y =i yxiirif^^im^^^Si 
1~S i- S o Ti^Stf ©K^i^Bijg LT £ Cifeu ^ < od^± 

mm xm^&x xm*<D ^m^wa® & w ^r^^ 2151 

t^r ir^SpTfietfeSo ^^^^fflLT, (iEM5~2 
0 0 n m(D^ffl<D) W ? v \fy V —<D-^fek 1 m 

fifcteT?#fta>ort: 0 Skid, tf!)<<C % K<^J:5*^Fffi«= 
«S w 5 /M[f Is* 9 ^ o if i2J gij ^ J: o T , v- y 

So 

[0 10 6] *^|P^^^^fe^-*5V^T. h Srf^ 

- h MS£:<£o T 1 m^RffMcD^|g«^Sr i^-if ^ON'Jf 

/^t^^ y # - h «r-S"tp«i^# y ^-g«(^^is 

*a~r SSMKSrf^ric-t- SOi- if mmtBMfrh b < L 
IGA^l^oT^IlTJ:<, rWaoT, /J^ 

40 ffioT^I4ILTJ:v\ <t 9 PiNB^tt, Ik 
O&oftttW, ^Ky 

*y*;i/A7/^ft Ki^y • ^/P^^r 

K) *^tf#y3i— TVK ^y ^ K Ka p 

t o n ^lU^U p i 1 e x (jffiffiD ) , ABS/K 

y^r— , Kel-F^^Uv- 4^y (^^-^^^ 

yi^—h) , ^y (^f^y-y^^y) n^y^ 
50 — ftBfttr^^) ^^y-^— , ^y (n-j&a^;/— a-) 
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[0 10 7] ±a50S«0*E^*3^5-^^^ n^^r^ 

bntzu—^m^^ ? *^**;is<DmikmMW (o P 

enconfiguration) J: <9 , #£3£<7>^-Y 

[0108] mmu-^mmmi&mz.tti,M&tj:=i> 
2o©si<Wfc¥fi****^ 

SS&SrT^ ^ > h LT*|-»tti:«|-Stt^i6jJtS jxfe 

[0109] m^m l 2 4r#HB tt, «W<0ifcffi#tJrfl3 
'hSWb;*/ 9 ^f££ 10 2 T^^ihSo /J^fk^ 7^1 

tf!B2C0S*^S:#i-SX»flci 0 4*Wtrt&^ tic 

[oiio] miRi^m2(omm^i o earn o 8 

-tavetti i owi i 2 ttfcjlKW 

iJMsOfiiJLT J:v\, J:9f¥*|B^fi, SSi^-Y^n?- 
-Y^yK^V^ — v 114 1 ^Ftap^^® noi: 
iFtiOSiJU fg2^^n^^/w^ — vi i 6£:g|2 
¥t&rt«ffii l 2{:w- !f«lHiJt*So fltr 




4#H^8- 3 3 4 5 0 5 



[0111] Hl3tBl4 £#f$ Lt, » 1 X 

t^2W ^ of + ^^-yi Hill 6"C^«> 

xf%2(omm^\ 0 6 <h 1 0 8*SV^(c:»^^ffiL 

ffi&m^^xm&^mf&m&m&M&isX $&wiz£ 

St;»2W^ u^.*Ao^ — 1 4&T*1 1 62: 

[0 112] 5SW©Se?^#*bv^J£WJJi*5V^ # 
20 fcScHSixSCtfl KJ (iffiai) WfftlDuPon 

tit^bmm^nx^^mm^<ommco^v 4 $ k<z>« 
/&£^y o 4mrif 

10 8lt -^i^HTJ:<, jfSStUT, /VI" 
^ cr>Ka p t o n mm) <DttWkmUk¥W} 

[0113] ft^a i2-ni4 \,xmw-fz> 

«KfriR«*e (*^L*v^ SrW^teSElf 1 1 8^ 

m-r^o j^sMfflt-te, 8s©r^^-ti«f*io 

%t$#<D'J?te< t h l o(D^®^^>f*t>^o/>^< t 

12 0H mi<omm^i o 6\cu—^mm^tixx 

<, -^LTmffSO^l^-r^n^^^/H l 4CD^1^ 
1 ^^n^-^^/H 1 4 2 7^*1 2 6 t^iS^-T 

So 

[0 114] o ffittKJN-ftLa^^^ 

-^^r^n^-^^/H l 40$1«1 2 2;&^e># 
r>*T-€r^^2*ffil 2 6\£WZ>m&$:hftl£XMl3tlsX 
<fct\ r<0*di-r?tt, APaK- h 1 2 0£riiUTHIi!b 

-=Er0^j*:^r^-f ^ aft^/H 14tl 16 tcOTy^ 
50 ^^hSrLTffKLfcKWftLaaKiiii l 8*£riiil£ 
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^LSElJl 1 8(7)S^^«-f 0 v or}tii^. EE. 

Xi*3CW»l 04^9JH'JLTJ:v^iJ<7>r^ 
* - £ g A L Ttt»«La EBS > # y * - ^ * i£T J: 

*\ 

[0 115] AP/f-M2 0H 9Z* (DfimmftAXfi 
^(^^^-^t^S J: 5 t^ttTJ;^ KtciJt 

A, Stft:*¥WftAXtt#ffi»l«W (e 1 e c t r o k 
i n e t i c) ftA^^XA^t^o 

[0 116] Hi2tBi 3(c:#flastLSJ: 5 

/MfW?A7 f ^^i0 2lt £ £>M. 3£«P»l 

Mf3\ Sl7^ft-l 2 8f* N mfEco® l ^>S*^ 
1 0 6(^§JH'J**u, - : e^^2*«i 2 6{£iSv\£-cSll 

3 o %m^<om 2 <z>3hr i o s \z.mmxmf&z*hx 

»2W^n^-r*/H 1 6lciiT3o Sot, 
Bli£«ia^a«. #ct^t\ KWAOfSEiB l l 8l^y^ 

[oii7] **w©S^t^9J©»*uv^J6«(-ett, 

*^W«IUi^®36 s /J^b:^ 7 Jxy*'^ * i o 2 KB* ?> 
H6 6 r^lcilt, »lWK2 7^ft-l 2 8 

&tM 3 of*, ^^^^w^^^t^^ie:® 

118 &J&f$1rZ> t # £«M£ 10 4 <£>® (dff^-r £ 

i o 4^^®±t^ia^L-r. awv'-b (**u*v^ 

S:KW^oSftfiE»lXt^*2T^-lr-l 2 8^1 3 
0*«5rt^J:«9, *m*0fSEiHl l 8£ai®r£!* 

***** 

nrtmso ft**Hiais*tt. sftiEmi^t/m 
2©^»i o 6Rxfi o scom^m^toxmmtf] 

\^^>btlXX^\ ^<D^mX\ 2 5 0Mm*lO^ 

So 

[0118] ztiicj&cx, &mic£V)^ m^m&±\c 




4$^ip8-3 3 4 5 0 5 
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t m j: , **ffitoaa^|f *Kj|s|.ftLaEiif<o^ 

10 TJ:i\> 

[0 l 1 9] ##W02llfct£*3V>>T, S?>^*ia**fr 
\z. x otM £ *xfc*^3W4fc3Eiif 

20 [0 12 0] ftf?!^ 01 5^1 6M#J8£tu£ e $; 5 

f*. £*W(-1 5 0T?*^£*LT*3*K ^l^v^/US 
«l 5 2^f££;h/r^5o ^7Ar^^ft * 
*1^*K 1 5 4Rtfl 5 6t*SixfcJBl»aSB2^ 
«F#¥#J&>?>/S<!), 1 5 8W1 6 

[0121] «figa5fi^«f?B*r7-f ^^htt, «i<^> 

1 54^2 co^ff^ 15 6 O _h{Cfi^T5f 

< <h t> i oosf *tf ^ i/^^st 1 5 
2 M/hswb* ^ ^ ^^-r 5 r^ia^) us l 

TJ:v\ tfrtttf^ai 8 01*. I«15 2|:BHt«pfc 

[0122] ^*ue:/SCT, **M<OHJfiic*3V^-C. Sr 

<K>&#L&L¥ftl 5 4Rtfl 5 6^r]£^^t ^iSxVr Y) tt 
(f^oSfJfScO^ 1 SU^I 2 O^mp^^S 1 5 8 RZ$ 1 6 
0Jh^eJB"J*tLfcfltrlBW ^ h — i: ^ /E 

50 [0 12 3] $ 5>^SHSixTU^dt«. L — IfSJH'J 
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LfcT^*- (^U*v>) mflEfg 1 XVIB 2 <7) 
1 5 4W1 5 6tRinJ:<, - 

I0l24]|gi5i:iai 6{^#flgSttS J: 

©a^«o r miia^ i aw * 2 ©^w*^***^^ 1 

1 6 4, 16 6M1 6 ?g|&CD^i£ 
t «ffl 7 0, 1 7 2SD«17 4TS*iX^ «ftW 

[0 12 5] mtHiSCT. sai^^s* -^-r 

^16 4j&spflffl$i 7 0 ^1 6 6 

dSDflffll 7 2 £Jffi^l\ ^LT^l 6 8dSBaffl5 1 7 

1 5 4St^l 5 ecDKfflld^omiftT^-Y^ V b^^TIE 

*b9^-r-l 6 2tdJ:oTRR3esnfc*^«F««3t 

[0 12 6] *WI»#«r««>tfa#a«*:t>oSJ|#K: 

fcJtS^u-^ (») &W^sy^<oJ;5*»iS:«3Bft:o 

So 

[01271H17I1 ^-TAS^-a«^f 
5fe^5o r<^3llfi«tt*fls:5>W©/£ffl (^*fc#Jl 

*5tt5 0 0 o^ft*«Sw) /hSv^H«i 

1 0 0 0»f«tt*8) *S^*«r^tN ffiBt<z>*« 

[0128] — M-TAS 2 0 0ft _hfc:pizii L 




^i¥8 - 3 3 4 5 0 5 
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fcJ:5Ki, *l&t^*2(03pjfl*»iSi*iB«:*rU 
iioW ( eSK^><f< ki> 2 o<o«»»fp«« (2 

02-212Sl> f 2 1 4-2 2 0) * S ^ ^ a ^ 

«L3aLfcT^-fe^#— b (2 2 2 — 2 3 2) i:tftttJ#S 
(2 3 4-2 4 0) SrttSHStRlj-S^tlC^ot 
»*t5it#-e*«. K»jUEK(o«rtR* (2 0 2- 

2 12) ^^^ffl^tC^/S^^^^^S^gpom 
fiSc^ifi (2 1 4-2 2 0) i:*r#i-S«J|s|-*a3aElItt, 

Hi-Bi4#fla) o 

[0 12 9] £>6VM3; N M-TAS200te: x *Pffl#rt 

(2 0 2 — 2 1 2^1/2 1 4 — 2 2 0) Sr^p** S^-Y ^ 

— ifftLabfcr^-fe^aK— h (2 2 2 — 2 3 2) <bl£ttj 
3M£ (2 3 4-2 4 0) «:Wt-SS«arR^SC:4:^J: 
otffi«Uj;v\ K»«EK<z>»^;S* (202-21 
20 2) i:K»»fP««^»JCi-5fW»l9»v^»<0«j«K 
|R (214 — 220) irSr^i-SW^aiS:®^ f*!^ 

[0 13 0] £ fefclSUO3IJK0»^tt\ M-TAS200 

30 0<0«^*fp«Jft (2 0 2 — 2 1 2 RXf2 14 — 22 
0) SrW"t*S^>T^i=»^^-*/Hi. 7l/^^iSO 

ffiymf&zk\z£<>x»mf®mmB&M&-tz>o &s 

VM*. < £ t> 2 o©Kft»^S« (2 0 2-2 1 2 

Rt/2 1 4-2 2 0) Sr*i"S^>r^i3^ + ^/K^»IR 
£ 7 i/^^^Sffi(Z)^ 5 iSBi 
rt*ffi^v— if^fiiJLT, ^^LT, ±7&<D£o\^ 
40 » 1 Sfttff t ^ 5T*7 V^S«SrSf 9 ft 

[0131] nnm^<om^m (202-2 

12) ^*S*tS^^^n^^^/U^K»»f*«« 

50 ^<bttrj:v\ ptn&yuis^vMj&mm (214-2 
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2 0) &M&£ti&^4?*7**fr<DW^ftm*& 
^^"Cl/-if^JN'JUT<fcV^ £bf^ mfe<Di?<Oii- 

S<DiB'&^rt?^e>*LTJ:v\ JbDx.T, (Hi 7tcWtm$fa 
Tl/^/z -TASIigT^ hit (BP*>, -^^u;* 

h7^*— o^^ig^^^T^^ hit) **> 
^nnmm&ftti&Tx^? hit m*>. -e-r^n^h 
5^+— ©e^ass zvxz^tx^? hit) ^to 

hJtSr#LTJ;v\, 
[0 1 3 2] 01 7 {^aS^Ufc«fc ?f-. M-TAS20 
Of*. KWSESSrit^ (2 0 2-2 1 2) £«fi.«l9»^ 
BHi (214-220) £&£SKK1-5iittL*:K5iJ 
-e&£ 0 »tRMt^ ttW*®2 3 2-2 4 0 &W**«Egg 

[0 13 3] MtLX^ HI 7{d^i-»^W)fcT^-t:^# 
— h (222-232) fci, «J|S|-aiEKfife^JC»oriEH 
t6o r^T^ir^^— hd J; <9, //-TASta^ 

#i^t)/z-TAS|^LTJ:V\ t£oT. 7^1? 

^^K— h**, r^-fe^#— h{ciiDS#^flgijir r$3 

Mj T*#£J;5, IPt>. ffitL^T^ir^Tjf- h^riibT 

[0 13 4] Hl7Sr»|i#Itt, rrT*ffl?^tlfc 
M-TAS2 0 0H & 1 SWSfBl 9 fi^K* 2 1 4 tflt 

W$At^siir^t7^- h 2 2 2&£a-g"rSo 

-t^Wf^ VHut-MS^L^V^T^l T^ir^/K— h 
fcl, gl h 2 2 2 S:^fflJ(0^^7^«» 

[0 13 5] -ilMtli, KWBit?«VN5S*2 l 4fi 



(18) W^^P 8-334505 
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tfv t^frtzv v u—h. #y y /ur^ h\ 

ttafiUBl*. «*Mx9»l^lSli2 1 4 
*^«W»A£A«I t->f V 7 ^t^W * T^tT LTJ: 

[0 13 6] HI 7^bfeW^HlfiWI"T?^ WJPI-BJ 

5o t£oT, K3p|.St?)»V^R*2 1 4«\ T 

10 SgffcR/SXte* 5 Lfe^ft^n^ h^?7>f-ftffi 

(HP % , »uT v n 6 «fc ■m-fctu i: f*9J <zv< * f^^e 
-K-ClltTS^S^ci^h^^^^-aft) t'fcoX J: 
l\ T*7 n-v YP^y^— ©-v h y !y^^ 

m, ^A/Tctv\ >r^-^»co^ h y s^*^ »>r 

20 hKJE, i^^-A-aS, a-^KJS. t>b< 

[0 13 7] miRX?m2T h 2 2 

SERt^TaE^iaiSStuSo H7^t7^h 2 2 2^ 
A*#— h <!: L.TfflV^bi^. ^2 T t^^iS— h 2 2 4 

*2 14ft T«E«J© /i-TAS ©tW»ffffl«^?)«0 

9»ti-r£^-e#* 0 tot, 
30 2 i 4 ±^3tmtsthz> tmrnz, w&#ffim*\z.im& 

o N -o^feT-, TSIEWO^-TAS(35««-»f^««— 
^^OftAdSBSih^ixSo *>-&V^^^ ^2T^ir^7jf— 
h 2 2 4}l ^fflSttfragXtt^-^^^^ ^ ( o n - d e 
vice) Mft:iR*KBf^fcoT«J:v^fraat^ttStt 

S:t)fc5)t«*AA#- h £ UTfflV^TJ:V^ (018 — 
Hi 2 0#flB) o 
[0 13 8] K»3&SV^ofc/0® l«3|S|.Bt?)ftV^5?*2 1 
40 4(caffA^^Tb^ 5 £, WW^SK^tt, ^lT^-tr^ 
xK— h 2 2 2fc>r V^^^ — ^StbS^fflJ^Jtil'r^-Y 

^2 l 4 ^<OK^«lt*bfi. ^^-fJxfliiB^a, M 

[0 13 9] mi^a^2 3 4« N »1 tt^BlOftVN 
mm 2 1 4 £ f*TSEfflJ-C» 2 Kfl.«BS»* 2 0 4 £ iES 
6^XfiP^«jfcig^LT^TJ:v\ *H»fcH^»2 3 4 
f*. fB2K»«l9»V^3l*2 1 6_h{^^^tL6^1 
50 «EBSB*2 0 4^*3WSKJ|^©ffSES:^-^^-rs 
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[oi4o]Bi7i^ ]^rz^<Dmmmx*^ si 2 is 
n^m^^m2 1 mi^n^i i om^^mm2 1 a 

[0141] !flllW&9&V^iif 2 1 4X<DWr&<D£ 
»2«fl-Si9»^ISi8 2 1 6t>, ^OWfflJ{^SB2 
Xt^!R3T^"fe-X3EK— h 2 2 4^0*2 2 6 asEK£*T> 
So ^2St>^37^ir^^-h 2 2 2, 2 2 4 

R^2 2 6^ AnXtfttlQtf— h^ttS^ffi^^Jfl 

S*2 l 4^5>«lltSix"Cm2f*^Bi9»v^Sl2 l 6 
_hl-5fc*£*vrL£ 5 »27^t^#-h 2 2 4fj: 
AnsK— hi:LT{1MHU S37^t^^h 2 2 6^ 

^ff*«©Titt«^bJB2K»tt!)*V>K*2 1 6£r 
SJ^Brfo ^ l ttfi-Bt 9 fe^fiiR 2 1 4—Oi¥S^Kih 
Il7^t^^h 2 2 2OTi:§r<b^ 

[0 14 2] 01 7i£gftWLfcJ;5^ JB3K»St9ft 
^mm2 1 8tt\ U^o*»H(foKJ|s|.S:«L 

9 IR^KSt 2 1 8tf\ 3¥S3MC§Silf. 

3«^Btijftv^*2 i *<Dmm\zm3RT*m4 

T?±*tf— h 2 2 6RX$2 2 8^gSg£*L x T^-fe^ 
h<£>24\ 2 2 2/2 2 4RXf2 2 4/2 2 6 MBIb 

z> 0 m2Rx$m3&m^&2 3 6rv*2 3 8hmifem 

#82 3 4 KiR It Ji» bfc J: 5 f-fflv^ttT J: v\ 

[0 14 3] SM 9 fi^B* 2 2 Of*, ^ h 

i 7\a^ «J|s|-Bt«3«v^S2 2 o^ifi^^Sixr 
f££ixT<i;v\, »4W^Bx9JR^«*2 2 Olz&^Zti 

-^•^-^ n-^ h -if 4 x mm? v^yy? 




^mW-S-3 3 4 5 0 5 



^•t/^mmm*^ t°7 y — s$t»ib (Te r a b e 

(1985) Anal. Chem. 5 7:8 3 4- 
8 4 1#I) , If 7 D — *7/MSScU*S!k RXf^CD 

10 ^e^A. 7/^^3i/K s 7M/w^h-v'K 
OJ;5*#ffii£tt=#k 3- [ (3-375 Kr^tfVu) 

( TCHAPSj ) . 3- [ (3-^7^ b^olfyW) 
-is* J-JVT >^e^T] - 2- tKn^>-l-^* 

vi/n^y ( rcHAPSOj ) N xtt^^S^-t 5 

20 [0 14 4] i4^W^2 4 0 te\ »4««-Bt?>»^ 
B*2 2 0^bT*«^fcS«W«l£85BlR{2:iBHbTJ: 

~1£<£> mis \^mm L T J: v \ 
[0145] il*R#)fC, 07^08, RZJtm 9 tmi 0 

^2 4 0 fcfc, SffiOS 1 ^ffi^S 5 6 2 ^Pta^ 

i«76^ k wain:® e o <dm$& 7 At *m&-t % 

30 3^syFf87 2^otJ:^ 01 ll^tJ:5 

isc-r 53te#«WiKKfi^»o x h-tas &mmirz>t£ 

©Ma*^«im#aSr«Mt-J:9«J*SixS/i -TAS 
id^>-^7^— ^$-^TJ:<. ^J;ot, ^isl/y 
h#®7 2*iiiSi-5«!|S|-©Ktfe»©tta^, UV/V 

i s, ®&f^ (ri) s 7-^^at«aa<o»** 

[0146] v -TAS^o^T^^ e>{^S'J^iSRW<t 
40 HSS09"t?te. »4T^ir^sK— h 2 3 0 lo^ 

#-H 2 3 0tt »4K»R9ftV^S*2 2 OcOttJP^ 

4K»«EKS!*2 1 O^KWtKJSi-SKaiSr^AL 
rm4Sia#®2 4 0J^J:SW»ttttJS:«ifi-r5#aS: 

[0 14 7] ^6T^ir^^-h 2 3 2 
50 0«Jpf^|sIiRSr'g'tp«^K^ 1 o«Ji<0#««fie*:«ltft L 
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TJ:V\, 8&»K. S47^t^^- h 2 3 OtcXZWr 

LTJ:^ (H2l —EI 2 5&ffl) o 
[0148] 018 —0 2 0 d r*- 

^irses**-*-** -tas 2 5 osraflrrsto 

T*&So *friR^^B2 5 2H ffiWfRX^fll^KISI* 
«8? 5 IK H £ # A. 5 fc i d £ « t - 9 S * ^ >T * * * 

®n *-9Ty? mien aeaiittttiiteS:^*. 

S^tb<^a»Hi»!rtftm (post-separat 
ionpre-detection) CO&tftflcRWM 

[0 14 9] HI 8fc*^Lfc— APaK— h 2 
5 4SUt|±|P#- b 2 5 6 ^^~t^>m^mmm2 5 2 

+ *^2 6 2 *fflS«tt-rS*ffi"C«i|S|-«!;aEiS2 6 0 
ir«E*eii«ffll?S>oTJ:v\ AP#— M*. «««J 

«9 Mt^ £ £ 5 MffiR-T £o S8SflEKK* 2 6 2^ 
£«tt-rSifc*IZpS2 5 2 ifW«yffiBnH2 6 0tlt 
2 6 4 <Jr^m^^X\ ^rtt-fftt. WS^-T 

[0150] mi 9-eH0PS*t"Cv^5gtJ©HjSfi«-e«. 

SEfriRSKHf 2 5 2f*. AP^— b 2 5 4WHiP^ 
b 2 5 6^*i~^^§§^^^C2^ h7^ft-2 5 2 ^ 

sifisii^ ^tcmmmm2 5 2 / ,254' rxj 

2 5 6' ^2WSK2 5 8' t£ -f^jOffl ItM 
LTJ:v\ iR*KB2 5 2H |iWS2SW±(: 

[0151] *ffiR*Kiif^«»$*tS«««Xf*«|g 
0, ^ffiS§^mXfi^#^ , 9feV^^lR^Etij2 5 2 

«\ ^^T*J:<*PfettT*5 1 9. CUifi. Man 2^, 
(1993) Adv. Chroma togr. 33:1 

- 6 ^^^:3lfflLfc##*ilR^^:EiESi^t:v^5 0 
[0152] ^2 ocoBffffi0^LfcJ: 5 (^ flXJ&EH 

2 5 211 iltJRfftM, »IR2 6 etS^TW^y 




4#P^8- 3 3 4 5 0 5 
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$il*l«I^^n/W2 6 8tt, 8 
tRlftM. ffiSigv>f^Pf^2 6 2ti:I^^ 

(XteiKttO 3S«^tiff>f 2 7 0li, R^Jb^^fi*^ 

*v6o {¥9h^St2 7 2H i2 6 6 0fct?*tC<fcoTItK 
^K1j2 5 2^e>ffi<*©»Wi*^CS-&Sfe«)ic:«fflU 

[0153] 2 7 2fi, i2 6 6 £rEJg^£-t*: 

^rlR^IKiij2 5 2^?>tB3[ffilBc^-Y^ Pft^2 6 
2 X h^/u;/2 6 8RZ$nn&±m:&Lm2 6 0^#»i 

20 ^^:^ 0 

[0 15 4] fcSl^ttu J[JP|^^^2 7 2 JR^KiH2 
5 2^:<^t><^i:»ffittbriaKSixr ^co$m^ 

[0 15 5] *MjBB»"CBB^ • ^ I/— ^SttfcAt -TA 

^mmmm (Moroney^. (1991) Pro 
c MEM S' 9 1, p. 2 7 7) Xf3S^7k;^ftt^ 
30 (Richter^. (1991) Proc M 

EM S' 9 1, p. 2 7 1) (DJWMlZ&^^XftWl-f- 

khtz-WL^/^r? (Osada (1991) Adv. Ma 
terials 3 : 1 0 7 ; O s a d af N (199 
2) Nature 355:24 2) SffflV^TJ:V^ 

[0156] ummm^ikti y j^mwf^ ^ o 2 

0) -fcit6/-^(cSKi- 1/ — i^^U^'J ^ frhfc^^f ? a 
^F7^ — ^r^frWi^HI 2 1 —m 2 3 X^~t 0 m 2 
1, H2 2&U5|g2 3H «»JBI}BdS*tLfc:«toTf^fe 
40 tb, J tLT«^9A|UiRT?#S<fc5 *t-TAS^e>SNUi 
S*tS*««ria<B-rS/i -TAS<Z>BrBH-e*>5o ^ N 

H2 l^ILTMtSt, m6tt4^j«|gSX2 
12i»67^t^#-h 2 3 2 tli m6T?-te*tf 
-F 2 3 2, flt*fi3?S3 0 0 8 

0 6(t StE^u-^«OH'JStbfc^aBSttft:aS (02 1) 
Xf^-r^nz^^^/W (02 3) (Cl^V^^^— ^^tL 

fc3y^'> Ft*fcot«fcv\ 02 l l^i-J;?^ jffift: 

50 fiifg3 0 6lt ^^Xf**aE*^6B*« (St^L& 
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fe»ffl£;ft,T«JftMHB3 l 0^otJ:v^ei:^ 
ffittSSEffeitttJR^fcSo 02 l fcitevvc. 

-MhIiR^W ^3 2 of*. WWfflHSS: 

F3 2 2tiffiEcO^^U : ffim^T^^^ hi£T*£>oT 
£</\> ^^^^HURx^^a 2 0*182 5 

[0 15 7] m-TAS^^MI«^»o# 
J0»fa3 1 2t*. K*«£3i#g:3 0 2 <*r§ftjg$!bTiS 

3 i o*:fts9w-t\, i 5 «*as»^*b^» 

bV^fit^Ol^Tte. Al-len^ (1 9 8 5) He 
wlett— PackardJ. May 1 9 8 5 : 2 1 
-2 7S:#I©rt 0 HI 2 1 M:fc>(t£ £ 5 fc. H2 2^ 

TAS tft^^^lHUR-r^W ^3 2 OBHfclhttSJ; 5# 

A£*XT<fcV\ ^^-83 2 4 11 ;X/U3 0 8»1 
[0 15 8] /«-TAS^?>K:J|sHBE}«Sr^**ii:^o# 

m 2 3 j; 5 xi^s t-m i 8 ~m 2 0 

£*x£J;5fc. *IE*MSiS^® 3 0 6 ft, |g6T^i?^ 
- h 2 3 2 i«cf«g»LTl^gS 1 ^SSi^-^^ ^ 
C9ffi#aR^EiIi2 5 2 i:«E«:il»bTV^5«2*«tSr 

t\> fcSVM*. »ei^3 0 6fl fg6T^-lr;*/tf 

-h2 3 2 h»#mtt\*x^&mimmk*\>u<Dm»& 

»t>5l2*«tS:tt5^^Pf + ^T*oTJ; 

v\> *Df»^a3 1 2f*. «Eflsess#a3 o 6 tmmmi^ 

TBEfiS*LTJ:v\ _hi£<9J; 91c. iDSft*®3 1 2 co^g 

*S 0 «fc*M231^«: 3 0 6 tt s il^t-. ^S2 6 

5 8 £ 2 5 8' i^U— tf§JBlbfc»IRO^>r ^n^-y 
*/i"frbftbivZ>o H2lXtfH22t*5W5J;5l^ 
HI 2 3^^»DB"e^Si^TV^sa^7 AlellRxxM^ 3 2 

I gG 

SIS (mg/d 1 ) 12 0.0 
li y 
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?83 2 8lt KiRK. XIW©a-efeoTJ: 

V\ 02 2|£BBiiLTRWLfcJ:5^ ^<-«3 2 4 
tiU itiRfftl-, // -TAS irm^^AtEllR^^^ 3 2 

[0 15 9] 0 2 4&t>*0 2 5 Jd^-f J: o KffSrS 
*j-£#F3 2 2XliRIffi>'- h^l£3 2 8T^ot«J: 
V^i|Sfg^«^&ri£S«^9^lHliR^-r-X3 2 0 
10 J X/P#^3 0 8l£fflB8LTBEttS;h/tKy X/P^ 

aa>e>iKW3 i o*s^r J:v\ ate 

^teliRfflOS«t-U-if§]BiJL^/h#F3 2 2tfc 
S^X^HffiK»liIiRfflOBiStt'>- h#S3 2 8"Cfe 

oti^o ^^^^iniR^^^3 2 ommmn, mm. 

+#P3 2 2^(OK^(CW-f i ^]BiJ^tt^ 0 @24& 

h£*t£o $>5VM* % 02 5 M^Ti; 5 f-. IkXyJ^m 
20 iRy=V^^3 2 0^ ffl P / Xyu<h (*— ffcbfcM P§B 3 

2 6^tf^lfg3 2 4mU rrt^i^ 

3 2 4Ji. /* -TAS iKW*£tt5#F3 2 2 i:<Z)|H 
M#A£it5o ^7A|aIter>'^^3 2 0»j:, i/-T 
AS 2 0 Olcm^m^T?^ tl/Y&ifctiy***? b 

2 Ott, #JxJS\ SWtStt5#P3 2 2<DBM&W.. 
30 [0 16 0] ^^Sbv^^JfitWi^BligL 

[0 16 1] #:<o|ilt«tt, ii«S[«^t)oSjli#lJ:* 

[0162] 
1^1] 

IgA IgM 

2 0 0 10 0 

fast 7 to £ fast y to J3 
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(k D a ) 15 0 

[0163] M^^y ^«ttflc^r^e>atti* 

tt6fiH^JfiL^^5^^0'J^^> TfrZf^Zs (4 6 0 0mg 
/d 1) , tfU/Ufy (0. 4mg/d 1) % nu^x 
t3— /l" (21 lmg/d 1) N ^ U7fy (1 . 1 mg 
/dl) , — J* (108mg/dl) , X/Ui/V 

A (9/8mg/d 1) arJ«gK (5. 9mg/d 1) 

[0 16 4] OmmX 6 Omm^i-^t^/i - 

TASr^^ft DuPonttt^feiSRKapto 

iiM^^y^-f/«^Sit j^Ttit tax 

[0 16 5] SmW^V^*2 14ft 1^5X1 
0X0. 2T^§ 0 S*2. 0// lttoSi 

s 0 b y f^^offlsf^ffl^wstt^ Mx. 

fc£, -T^-V^^^ n^b^:?^— ) l^<5^Tl^ 0 
fin*", K4*Rtttt\ Sttft^by^^^^WSWSft 
tt=K:S^TfcJ:v\, v^*to»&-et>. #1 

fe<9, «ot*8(fl8«IBS:t)fcbto *lRt)«27 
^t^!K-h 2 2 2St;2 2 4lt 1*M2Jfi'J£ 
mlK^ 1 9&V^^^O^I^Jffi(-@fig^tL^^lS:U ? 
*2S*3^«KK*2 0 2&T/2 0 4— «IEflES:WAfcb< 

S#S*»tti-So HWl27^t7^f222 

^ (#) & rjtffij »»*K:ttMfc: rfp»j £*vrr<£> 

#*L<*v^$H*. K^**a>o&i«»©9ftv^ 
[0 16 6] *HJ£0J<©B«j^ t£8B-eJfil 5 0:7* A 

F^/KOIgG, 2. 2 7xAh^;KOIgMRtJ t 2 5 
7xA h^e/UCO I g AM*§A>t^5 5/i bOJG&L 
»*Sn*W*0»^l?*2 1 4|j:**Ufco I 
gG, I gARVl gM^fS^W^RA/G 
(Pierce) *BHfcSt4:*tf fc ©-e«>5o 

fgl T^ir*^- b 2 2 2^L« 

^S*2 l 4 \z.&>&?>/<?'g;k^ffi£itz> 0 &v^T\ 
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16 0 9 0 0 

[0 16 7] & t &&mi&tifr%L*)&L^Sm2 1 4^*31/^ 
Tfctffi^ b y sy^^iftU^ofcft. »12W«*27^ 
i?J*7tf— b 2 2 2&U*2 2 4 £ B8igi--5^VU^^iEt(l £ 

^2 3 4fc*^Wi;:iB^Sixfc«tt»**«W-«r*= 
^UT»tt*)&^^o»l«J|s|.Bl!9ftV^*2 1 4^fe* 

io mztixm 2pmwLvm\,*mm 2 1 6^***^^* 

[0 1 6 8] ■ 2 K^St 9 &V^3?% 2 1 6 (3X3 OX 
0. 2 ; l Sfi 1) ttJB4*i[«ffiS:5lifii-SJ: 

o^&s 0 jKiafi, wje-^ b y y?^xc&nz> 

H ttK*5S*lltT-rs^ai:LTSEflcJEE^«rflEl\ 5* 

20 £ c ££>^ t«^P^b^77^ KSrtto 

ittwflB-efcS Knox^. (1987) C 

hromatographia 24 : 135 ;Kno 
(1989) J. Li g. Chroma togr 
1 2:2 4 3 5;Knox^ (1991) Chro 
matographia 32:317 #fl&) 0 
[0 16 9] £<D^tt«<E>BftrC. »2«^Bt!9&V^B 

I2i6fi ^y7^y^7U\ ^y^^/i-^^^y 

30 »2&U ? «3T^ir^#— b 2 2 4X^2 2 6 tm»t 

mm 2 1 6 9 hh% 

[0 17 0) ^3^»Dftl/^i2 1 8 (3X4 OX 

b y ^^^{^*5tfs«B**: (ief) 

40 [0 17 1] r<^Hffi09©BW-e, »3*ti|S|-St9«V^Sf 
12 1811 *^W%#^<fcoTl^ig$tbT^^» J: 

MUZ-Stf (Wehr^, (1989) Electro 
phoresis 10:23 — 29 #flB) 0 
[0 17 2] ^3^t>^4T^-tr^^- h 2 2 6W2 
2 8{^*S-&**L^/uy«, SB3K3|S|'ffii9ftV^S*2 1 

2 2 4&I52 2 8{31i«&i-5^/^dSfii(iSixT»2K 
50 ^"9^1^^ 2 1 6^5>««|ffS:»(lt-t*So ^2^ttJ 
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f^2 3 6it ^xoy^m^^msnm^m^m 

2 8tc:ig^LTV^S^y^^^eS^I^ J ti:Sr t (^J: 9 p H 
^Jgfi^^r^o pH 7 ~ 4X1*9- 6 (Sigma) k 
^58W®ffl£ 1 t>o^;b*$>£>^y '<*y7T (polyb 
u f f e r) «rfl§^£ 0 rC0«P»"t? N I gMt I gA^ 
& I gGOSmtj&se^So 

[0 17 3]S4Rfi6DSV*»2 2 0 (5 0^mX 
5 Omm ; 1 0 0 n 1 ) li, I gM^6 I g A£>S»# 

(CZE) £r{£oTiif&£;fx s I g A k I g 

/tf — F 2 2 8&T>*2 3 0 \Z.mt&'1'Z>-*~7fr/U K{r*3^S 
[0 174] |£ -TAS(^J:Sjfetf^^^^^y ><D 

&fcfto>&mtomfe<D&»8km*. ^4^^240 

J*m^fc<k. fl»Jx.tf. ^y^ftXIiDABSYLAT 

1 ON. XtW(WJflH*JKS:a|CA-*-Sfc«>^ai: ttffi 
v^tts 0 *»»«a«a©ty y ^ h/u$ffi©s^n 

[0175] SAJtl^y^rt: J: 5 [ 1 ) /h 

If^7^fV^^ (2) ^^fiJc^ju-TAS (2 0 
0) T^ot, (a) |gl^±S3l® (6) Xt/»2 5pffl 

(8) Ol8RWfc¥ffl*#ft*ffi*:t>oB« (4) 
•eS><9. ftufBg« (4) 1*, flufS^l^S^ffi (6) 
u-*?$)M£titcmi^<>< ? v^-r*^ (10) SrW'-f 

-53&s. v-y = yxii-ifc^^i^^w^M^ 

/^ofufBfg 1 n^^^/u (10) ^>/^< <t 
t> 2 04>«WftfNfi# (202, 204, 206, 20 
8, 2 10, 2 12, 214, 2 16, 218, 22 

o) a»fcrta, BtreB&K (4) t, <b) mjisfgi^ta 

^cS (6) JLtz:KB£*K 8Ma»l W^p^-**^ 
(10) t ©g^tl l K3R-fti3aEH (14) SrJgfiS; 

(12) x&v), wfrnftom (202, 

2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2, 2 1 4, 2 

1 6, 2 1 8, 2 2 0) aSK»8l9»V^* (2 14, 

2 1 6, 2 1 8, 2 2 0) <k«lt#:jSi»bT«3|E|-«IEKS* 
(2 0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2) 

£y£*6T^£K ffimX/<-m. (1 2) k, (c) »1« 
W^SEiS (14) fcig»U ^ffi^ttaia>bK«** 
*&3aEH (14) ^iibT»*^iiil^-^S. 'Pte<k 
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fclo(?)AP^"F (18) k'J>t£< k fc 1 o<7>fcHP/tf 
. -h (2 2) «r^-?«S /i -T 
AS (2 0 0) , ^ftU [2] - [9] CD#igtt 

[0 17 6] [2) 1 K^aEBf (14) ^ 3^ 
(2 0 2, 2 0 4, 2 0 6, 2 
0 8, 2 10, 2 12) i«J|SfBl9ft^SiK (2 14, 
216, 21 8, 22 0) i*j£fo£MW*f1MS« (2 
0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2, 2 1 
10 4, 2 1 6, 2 1 8, 2 2 0) (OiSHKBE^feritS^i: 
£W®<ti-£ CI] M!E*c£>/* -TAS (2 0 0) 0 

[0 17 7] [3) X4R (4) tfSJBiJL 

Tbftttl^S (232, 234, 236, 238. 24 
0) frh$L*), ^■omiEC0«ltH^» (2 3 2, 2 3 4, 
236, 238. 2 4 0) ^ $1 ( 1 

4) km&vxmuw&mmm a 4) sriiia-rsw^ 

-TAS (2 0 0) 0 
[0 17 8] [4] 4 6^ (a) fgl^i&igffi (6) 
20 JCIU'— if§)B'J*n)tSE«©-e^^i3^ h^^^-f- (2 
5 2) -efcoT. j&vo;*/^— « (12) ^mf|5^^ ? n 
^^7^ft-^»^AP^ (2 5 4) ^rfflP 
3M£ (2 5 6) i:Sr#i-5*«KH (2 5 2) £r£*6 
5, «^)^^n^h7^ft- (2 5 2) 

(b) Igl^ifi^® (6) fciv— FWfiiJSjfcfcRWW 
^n^^^/U (2 6 2) T?fcoT % ^O^a*— K (1 
2) 3&SiiMB«a»W (2 6 2) i: ©ft^ 
"C* l SWftLSEB (14) Rt^j&IEMOttj P 

(2 5 6) i *;h,*h4fttfcKI6 Lfcig 1 RTffi 2 
30 ^Tf SK^flEBSS* (2 0 2, 204, 206, 20 
8, 2 10, 2 12) *^4t»S, 8S*^>T^n^ir^/^ 
(2 6 2) (c) ^SEHtOAP^M* (2 5 4) t 

e»pr«ft«fflT?«*3l*L, ^«»^6*«KiS (2 

52) tp^oagflsoaig^ nrffi^-r s^-y d 

8) (d) $«EH (2 5 2) *>&R&fl»g£ai 
(2 0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2) 

&frvxniM>nmmm.m (14) *^<Dmfc<D&W}* 

-*im\Z.~tZ>mj&7*/<>( * (2 6 6, 2 7 0, 2 7 2) 
Sr^t?fiKSr<tS:«F«i:-r5 Cl] lz&M<o v - 
40 TAS (2 0 0) 0 

[0179] C5] ^f>tc N (a) ^ i K»4aaKH«> 

ttlP^h (2 3 2) tiKfls:iS»bfcft»aia#« (3 
0 2) TNfcoT, BftlEWJpl-^ai^a (3 0 2) 

(3 0 6) «*ift^o#^-g:LTl^^ 
(3 0 4) kma/X/U (3 0 8) t^&ffiSKft 

^it^a 002) ( b ) mm^m^ 006) 

tte*^«E*«ffi-e«ffii»Ufc«IE#« (2 5 2) £ x 

(c) dtiPyX/U (3 0 8) t-MbTSSe^tuTy X/P- 
f»b^)»i?:5ft5W$f^t (3 2 2, 3 2 

50 4, 3 2 8) ^5>fitc5f4*9 AEJiR^M ^ (3 2 0) 
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k&^/vX*j&Z>Z.k%¥fW(k1rZ> [2] Rlfi [4] 
\Z.mm<Dn -TAS (2 0 0) 0 

[0180] [6] £ib(^ (a) »25pffl*ffi (8) 
ClU— !ftBfiiJLfcAR*K— ^ (6 8) fcfflP^-h (7 
0) ^tt5i2W^aft^ (62) 

(b) m2¥m.mm (8) jhf^iae^tu $2^^ 
(62) k<Dm&Ttx~m2nwmm\&m (6 

2) 2 (6 6) k, (c) fglfW 

feiEB (14) comn^-h (2 2) t»2«fifel 
EH (6 2) OAP^-h (6 8) tSrSH^MiiJ&S 

i-5=»^;yh^a (7 2) t^ot, itulEc^V-v^ 
(7 2) *X«|Jiu-f t 9JBiJ*iT,fcr^^-3&» 

Sl^r^iin^y^^h^ (7 2) £. fc-gX 
T*f&Z>^k%&mkirZ> [2] Kffift© /£ - T A S (2 
0 0) o 

[0181] [7] * mi (1 2) & 

t>^2 (6 6) ^7^— if§JfiiJStb^o=«V^5/ 

T^S (7 2) t#ttW^5S»brffifi*ix^r^-r 

— ^bfiKStta^S (7 8, 8 0) £r£2^-r£^<b£4# 
ati-5 C6] -TAS (2 0 0) 0 

[0 18 2] [8] Sfete. (a) fgl^taig® (6) 
^U— ^SJBiJSn^S^W ^ h^^ — (2 
52) T-fcoT. a>o#>"<— « (12) dSmflB^^^o 
^h"7^^^ — kcom^X\ APf^ (2 5 4) tlU 

p^e (2 5 6) k&&-rzm&mm (252) ^r^^ 

3u ? v^hvff-'Y— (2 5 2) t. (b) 

mi^mMm (6) tcu-^Nij^^c^-^^^n^ 

ir^^ (2 6 2) t^ot, a>o#^— |R (12) ^fif 

ffi»«^>r^n^^^/u (262) kcom^xmi^ 
n&mmm (14) &t)^3SE®<£>ttjP3M8: (256) 

k *ti?tim#m» b fc* 1 RTfifS 2 & #i" S «** 

St&§MSi(2 0 2, 204, 206, 208, 210, 
2 12) «r^i?>5. (2 6 2) 

k, (c) 8SEB©AP¥8 (2 5 4) tte*^Tffi/j: 

fc^ib^E® (252) ifi^^jiEflc^aiasrprig^i- 

5t!)7>f^ (18) (d) «8KB (2 5 2) 

feiWSMMMR (2 0 2, 204, 206, 208, 2 

io, 212) *it\*xmw3&$kw%m a 4) 

©Wft^fbSr^TfiB^-rsJflig^^^ (2 6 6, 2 7 
0, 2 7 2) k, Sr-g-Az-CfilcSr tSr*?tSii"S C6] 
(£§£ifj!t<£> /i-TAS (2 0 0) 0 
[0 18 3] (9) (a) Jg 1 Vm%&mm<D 

mutf-v (232) fc«eft:5Si»L)tKJ|sfa6a*a o 
02) xhox, mmnnmm^ 002) tm»m 

M&m (3 0 6) t«flsigi»b^o«ids---iS:b"Cv^sjft 
^ (3 0 4) tttlPyX/U (3 0 8) t^briES. « 
(3 0 2) h ( b ) *#eig^lS: ( 3 0 
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6) tte»^fiE/i«ffi^«E<*ai»bfc«E«:» (2 5 2) 

t. (c) Wpyx/u (3 0 8) dHb-rgafiSix-c/ 

X/U^a^b^SMtffiSrgttSWiH'SW^a (3 2 2, 
3 2 4, 3 2 8) ^5>J«S«^7A|pIiR-7*^>r^ (3 2 
0) ft^t*5it«r#tttS C4] 

[6] tCl|Sfficr) M -TAS (2 0 0) 0 

[0 18 4]Sfc N [10) (a)v/y^V 

Xf*rttfk^^*a^^«"«-3&^ricSStR (4) ^ib^ 
#*#glKWfc3Fffl/j:rt«BB (no, l l 

10 2) «:t>o»l(0««»*^ (10 6) St/I2^ffi 
(10 8) (10 4) £, 

(b) fBlX»*¥» (10 4) ^rti^E (110) id 
u-if^OHiJStbfcmi^-r^^^ 1 ^^ (114) k, 
#2 (10 8) <£>f*l^® (112) Ml— if 

«JH'JS*bfe«2-^>f ^p^-^^/w (1 1 6) kXfr>*), 

ffimm i &xfim 2 c^-r ^ n (114, 11 

m2-r-f sru^^^/U (114, 116) k. (c) X 

w&¥& (106, 108) (Dftmm dio, ii 
t^s^ssum^seh (u) -ea>ot\ 

l-ioT, ^-f^n^^A- (114, 116) j&SffiflE 

*iK»«yaKH d4) *^«>^o«riE*iK«-*aa 

HI (14) 9 jR^KSt (2 14, 2 16, 2 

is, 220) kmfom&^fr&mm&^m (2 0 2, 

2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2) 
WftfNHtt (202, 204, 206, 208, 21 
0, 212, 214, 216, 218, 220) frbf& 
5, miffiWQMBM (14) k, (d) IlKMi 

30 eh d4) i-iSif&u ft&<offii$mfrbmtiftti!mm. 

1 (14) £iibT*te£iiil k h 1 o<Z> 
AR/f-h (120) £4>#< £ 1 o<©fflnstf— b 

(124) <h N Sr-g-Xy-efilcSr k*$fWLk~tZ>n -TA 
S (2 0 0) , &mmk U [1 1] — [1 4] <Z>«Pi8 

[0185] [ii] 9sm$Mtmz.m a 4) ^ s 

V^SV^^ftSKJ|Sf«IEKS* (2 0 2, 2 0 4, 2 0 6, 

2 0 8, 2 1 0, 2 1 2) iWflSfB^ft^iHIf (2 1 
4, 2 1 6, 2 1 8, 2 2 0) iiSfc5K»ftff«« 

40 (202, 204, 206, 208, 210, 212, 
214, 216, 218, 220) ©SglffiBWI^&JdtS 
££«:4*m£:-r5 [10] i-IS^CD//-TAS (2 0 

0) o 

[0 18 6] [12) ^C, (4) fcU-iPSJSiJ 

byt«na^a ( 2 3 2 , 234, 236, 238. 24 
o) frb&y. fr^ffim<Dtf>tii^m (232, 234, 

2 3 6, 2 3 8. 2 4 0) ^Il^Ml^S (14) 
£*»bTRW£Bfc3E!f (14) SriiiS-rsKW^ 
tHSr^Iffi^i-S Cll) I^Et^M-TAS (2 0 
50 0) 0 
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[0187] (i3) (a) miw-mm^ 

(6) \z.u—fWM£ti1tm9»<0^'C? F7^ft 
— (2 5 2) ffcot, fr-D%y<— m (12) ^mllS^ 
^f^P^b7^f-Y-i^«AP^ (2 5 4) 

<bfflq^ (2 5 6) t*^-rz>m%*wm (252) £ 

3£#>£, ^n^h7^ft- (2 5 2) £ , 

(b) fgl^ffig® (6) fcw— ^WBiJSixfcWW^^ 
^ria^^^/u (2 6 2) tfcoT, *g (l 

2) £>fiufa$g#^^ n^^/U (2 6 2) <h <Dffi-£^ 

x*m 1 K^ftLaEB (14) Rr>^^[S®(Z)tHp^ 

(2 5 6) t^tt^^fril^b^^l^t/^2^^ 
SfWScS&^iJf (202, 204, 206, 20 
8, 2 10, 2 1 2) £:5££>£. ^ n^^/P 

(2 6 2) (c) ^KIj<Z>An3M£ (2 5 4) t 

!B»pr«ite«tllBT?«#ii»b, *»«a»b*«KH (2 

52) *^o«Kft^iija«:^rffi^i-s^y d 

8) (d) m&EM (2 5 2) ^e>K3p|-«IEKRSl 

(2 0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2) 

^LtsmMira (14) ^(omvmim* 

*IM\^1r&mM7*s<4 * (266, 270, 272) 
t. (11) tc:!E*<£>// 

-TAS (2 0 0) 0 

[0188] ci4)se>(^ (a) mivt&Km&m 

<DMntf-h (2 3 2) i:«ftflcig»bfcK<sf3S3i^S 

(3 0 2) T-feoT. SfJiai^^jS^© (3 0 2) dS«g 
fMSiS^IB: (3 0 6) tiS^ML^oWs-tLr^ 
58^1 (3 0 4) ££tig/X/u (3 0 8) £*>?>/£; 

wpnaia^a 002) £, (b) 

(3 0 6) tetft^SBftttffi^«E.*St»bfc*#« (2 

5 2) £. (c) HiPyX/V (3 0 8) PHILTER* 

^r/x^#a^&©«i(^*g^s«»g»t*« (3 

2 2, 3 2 4, 3 2 8) frh$LZ>'ik$l 7 ^m&'f/^ * 
(3 2 0) £, *^T?fi!cSr i:Sr«F»i:-rs [11] 

&X* Cl 3) (C|B*0/i - TAS (2 0 0) 0 
[0 18 9] 

WHOM] =^atWS*©-iMfc4r>f *4r** 

h <o * j» ^ s u fc«*w» h mm *m$L 

[0 19 0] »»K»*o^5>o»aSft^-^7A^«f 

[0191] $ ^,tC N ^--CQ^Jta^ffiiC^^^^tb 

Z'hmiki&ik^ftVfi/xTJ* —tas) cD^gldJ; 
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[Hi] ^w^^^W^Sttfe/hSfb^?^^^ 

[0 2] 0 l O/hM{fc#7^^W^<^F^®^¥ffi0 

[0 3] 0 1 <7>-r^^^*B<7>5FEia"efc5o 
[04] Hi<0/MfW7Ar^^©l&l V- I VI: 

10 se«:^i-|g-es>s 0 

[0 5] 3fc*W*m*««:*tp, *55W©#*bv^lt 

[0 6] Hs^/hSfk^yA^^^^ftsw^a 

[0 7] ^»S«^2o©*tiSit-S 5 Pffl«B-bi^fi!(;S 

[0 8] mi *(Dm2®m<oftMmx*&> 

20 £ Q 

(a) <DthMfc# i 7A7 s s<'{ x<d&$. v^mMm(omi 

[010] H9(^^7iH7 f ^>r^^»2ffl!|ffiC0i(feSf*^ 

[0ii] Hso/hafk^M^^ttsufc^wstw 

[0 12] fBlfttWB2©«*R*©^»^*r*-t-5 
W £ 9 «/& S Jtfc/hfflft:* 7 A /<>r * <£>¥® 0 
30 T?a>5„ 

[013] 01 2 0^7^7*^ ^^«EK0-e*> 19, ¥ 
[014] 01 2 ^ t*iW5SS*»^7 

[Bi5]»i 2 <omm^±\^^^ ? * 

40 [01 6] 01 5 c^^ 7 ^^smsnr^o 

e**»©v^ ^ p r ? >r ^ v h t^t, 

[0 17] $mShn -TAS^MSo 

[018] Sill^ftftv^^P7 + — £ L 

[019] S«J:l;i-»ft^>f h7^* — £ L 

r u-if mm m-tas 2 #1 

[02 0] SSl(l-Wb-7>f^P7h7^ff irt 

50 r u-if b/^^^iKiij^w-r^ m - t a s 3 m 



(26) 
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<D®mmx$>z> 0 

[121] (Hi 7©/i-TAS«|t'&ot, frtl 
To 

[g22] B17(^M -T ASO»r®[gI-efcoT, 
[02 3] HIl 7C0m -TASOBfaSa-C&oT, — 



1] 



- 3 3 4 5 0 5 



50 



10 



* [H2 5] WM^§yS#F<!r^/^^^tt5 

7^m-TASO|6B*^*5o 
[fft©Bfl] 

200 /hffl{fc^#*r>*'r a 
6 « i ¥S^® 

8 »2spt&*ffi 

1 0 »1 W ^n^-^^/P 

1 2 

14 gS 1 KJpMGfaEHf 

1 8 AP^K- b 

2 2 ttjnztf— b 

2 0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2, 2 
14, 216, 218, 220 «W»ff«« 
214, 216, 218, 220 KWBt 9 JR^S* 
2 0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2 W 
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[04] 
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